We compared 46 strains of gram-negative, asaccharolytic, rod-shaped bacteria which were isolated from humans with gingivitis, periodontal pockets, and lesions in alveolar bone with 10 reference strains of Eikenella corrodens, Vibrio succinogenes, Bacteroides ureolyticus, and species of Campylo bacter. We divided these 56 strains into seven groups based on the guanine-plus-cytosine contents of their deoxyribonucleic acids, their deoxyribonucleic acid homologies, and cluster analyses of their phenotypic features. A total of 23 of the fresh isolates showed more than 90% similarity (Jaccard coefficient) with E. corrodens. Growth of the remaining 23 isolates was enhanced in broth cultures by formate and fumarate.
We compared 46 strains of gram-negative, asaccharolytic, rod-shaped bacteria which were isolated from humans with gingivitis, periodontal pockets, and lesions in alveolar bone with 10 reference strains of Eikenella corrodens, Vibrio succinogenes, Bacteroides ureolyticus, and species of Campylo bacter. We divided these 56 strains into seven groups based on the guanine-plus-cytosine contents of their deoxyribonucleic acids, their deoxyribonucleic acid homologies, and cluster analyses of their phenotypic features. A total of 23 of the fresh isolates showed more than 90% similarity (Jaccard coefficient) with E. corrodens. Growth of the remaining 23 isolates was enhanced in broth cultures by formate and fumarate.
These isolates were not members of B. ureolyticus, V. succinogenes, or previously described species of Campylo bacter; they constituted three distinct new species. We propose Bacteroides gracilis sp. nov. (type strain, ATCC 33236) as the name for seven isolates of slender, gram-negative, nonmotile, anaerobic, rod-shaped bacteria that corroded agar and had deoxyribonucleic acid guanine-plus-cytosine contents of 44 to 46 mol%. All of the remaining isolates were motile by means of a single polar flagellum. Ten anaerobic strains were similar to V. succinogenes in phenotypic characteristics and guanine-plus-cytosine contents. However, these strains were distinct from V. succinogenes on the basis of deoxyribonucleic acid homology results. We propose Wolinella as the name of a new genus to include anaerobic, asaccharolytic, rod-shaped bacteria with single polar flagella and deoxyribonucleic acid guanine-plus-cytosine contents of 42 to 49 mol%. Wolinella succinogenes (Wolin et al.) comb. nov. is designated the type species of the genus, and ATCC 29543 is the type strain of W. succinogenes. We propose Wolinella recta sp. nov. (type strain, ATCC 33238) as the name for nine of the strains that formed a related but distinct group. We propose Campylobacter concisus sp. .nov. (type strain, ATCC 33237) as the name for the six isolates of noncorroding, microaerophilic, gram-negative, rod-shaped bacteria that have predominantly curved cells and deoxyribonucleic acid guanine-plus-cytosine contents of 34 to 38 mol%. The description of the genus Campylobacter is amended to include species with deoxyribonucleic acid guanine-plus-cytosine contents of 30 to 38 mol%.
We isolated gram-negative, asaccharolytic, rod-shaped bacteria from humans with lesions of advanced destructive periodontal disease; the majority of these bacteria pitted or corroded agar media. These organisms were nonmotile, or they exhibited either cell "twitching" or active darting motility when they were examined by dark-field microscopy. These isolates were numerically dominant in some active disease sites (31). They were difficult to separate into distinct groups on the basis of routine characterization studies, and some of them were different from isolates of known species. In this investigation we compared strains isolated from humans with advanced periodontal diseases and strains from other oral sites (20) with reference strains of Eikenella corrodens (lo), Bacteroides ureolyticus (ll), Vibrio succinogenes (35), and Campylobacter sputorum (15, 25) .
We characterized the strains extensively and used their phenotypic features for a cluster analysis. The guanine-plus-cytosine (G+C) contents of the deoxyribonucleic acids (DNAs) of the strains and DNA hybridizations were used to clarify the relationships of phenotypically similar organisms. The feature frequencies of the homology groups were examined to determine which biochemical characteristics distinguished similar organisms. The same strains were examined serologically (1) and by using electron microscopy of thin sections (14) . All of the isolates from lesions in alveolar bones and 17 strains from periodontal pockets were identified as members of E. corrodens. We discuss the taxonomic status of the remaining periodontal isolates, which included strains that corroded agar and strains whose growth was stimulated by formate and fumarate. We propose a new genus for the organism previously known as Vibrio succinogenes and three new species to include the remaining periodontal isolates.
MATERLALS AND METHODS
Bacterial strains. The origins and strain designations of the alveolar and periodontal strains used in this investigation are shown in Table 1 . Using an anaerobic gas-flushed sampling device (18), we obtained fresh isolates from samples from the apical regions of periodontal pockets. Gingivitis was defined as gingival inflammation without loss of alveolar bone and periodontal pocket depths of less than 5 mm. Periodontitis samples were from adults who had gingivitis, advanced alveolar bone loss, and pocket depths greater than 6 mm. Periodontosis (juvenile periodontitis) samples were from adolescent patients with a molar-incisor pattern of advanced bone loss and minimal clinical gingival imflammation. We also used the gas-flushed sampling device to obtain samples from alveolar bone cavities associated with facial neuralgia (20) . The methods used for sample dispersion, dilution, and plating have been described previously (31) . We chose the gram-negative, asaccharolytic, rod-shaped bacteria that corroded agar for further study. Morphologically and physiologically similar organisms that did not corrode agar plates also were included. Reference strains (Table 2) plates were placed in broth supplemented with 5% dimethyl sulfoxide for slow freezing and storage in liquid nitrogen.
Characterization. Cell morphology and either active motility or cell twitching were determined by dark-field microscopy of young broth cultures. ToddHewitt broth partially solidified with 0.3% agar (Difco) also was used to test for motility. Carbol fuchsin was used as the counterstain in the Gram stain technique. Colonial morphology was determined by examining surface growth on agar plates with a x10 dissecting microscope, using direct and oblique light.
The basal medium for biochemical characterization tests in broth contained (per liter) 3.1 g of beef extract (Difco), 11.2 g of yeast extract (Difco), 8.8 g of Trypticase (BBL), 2 g of NaC1,0.4 g of Na2 HP04, 0.25 g of Na2C03, and 5 mg of hemin; this medium was supplemented with either 2 g of potassium nitrate per liter or 2 g of sodium formate per liter and 3 g of sodium fumarate per liter, as described above. Each inoculum was added to freshly prepared basal medium, and 2-ml volumes of the mixture were pumped aseptically into tubes containing 0.2-ml portions of 10-fold concentrations of the test reagents (29) . Broth tests included fermentation of carbohydrates, reduction of nitrate, nitrite, neutral red, and benzyl viologen, decarboxylation of lysine, ornithine, and arginine, production of urease, indole, and ammonia, evolution of gas, survival a t 80°C for 10 min, and production of hydrogen sulfide by blackening of lead acetate strips. Biochemical characterization tests were repeated on three separate occasions.
We used an agar replicating technique with a Steers replicator (30) to determine the ability of isolates to grow at different temperatures and in different atmospheres on Trypticase soy agar containing 5% sheep blood (29) . The atmospheres tested were anaerobic (80% N P , 10% COS, 10% H2), microaerophilic (5% 0 2 , 7.5% C02, 7.5% Hz, 80% N2), and air supplemented with 10% C02. Minimal inhibitory concentrations of antibiotics and hydrolysis of starch, gelatin, esculin, and casein were determined on a basal medium containing (per liter) 15 g of Trypticase (BBL), 5 g of yeast extract (Difco), 2 g of sodium pyruvate, 1 g of sodium formate, 1.5 g of sodium fumarate, 100 mg of Tables 4  and 5 ). Growth equal to the growth in the basal medium without the added inhibitor was considered a positive reaction. Acid end products were determined by gas-liquid chromatography of the butyl esters in the culture supernatant of the basal medium used for biochemical characterization tests in broth (22). Since complex media contain small amounts of organic acids, uninoculated media were run as controls, and differences between test results and control results greater than 4 mM were considered positive. Gaseous end products of metabolism were determined by growing the organisms for 7 days in Todd-Hewitt broth supplemented with 5 mg of hemin per liter and either 2 g of potassium nitrate per liter or 2 g of sodium formate per liter plus 3 g of sodium fumarate per liter in septum-stoppered tubes (catalog no. 2047; Bellco Glass, Inc., Vineland, N.J.). The atmosphere over the tubes was replaced by 100% argon at the time of inoculation. After growth, 0.5 ml of the headspace gas was injected into a model 1200 gas partitioner (Fisher Scientific Co., Pittsburgh, Pa.) equipped with a column (6.5 feet ) packed with 60-to 80-mesh Molecular Sieve 13X in series. The oven temperature was 45OC, and argon (flow rate, 25 ml/min) was the carrier gas. Cochromatography of the culture headspace gas with authentic gas standards was used to verify retention times. The gas standards used were carbon dioxide, carbon monoxide, hydrogen, nitrogen, oxygen, nitrous oxide, and methane.
Computer analysis. A total of 155 features were recorded for each strain. The simple coefficient and the Jaccard coefficient (28) were determined. The simple matching coefficient determined the percentage of both positive and negative matches between two strains. The Jaccard coefficient, which determined the percentage of positive matches compared with the total of positive matches and mismatches, was used for the cluster analyses because it excluded negative matches and was considered more appropriate for this investigation, in which many tests were negative. A cluster analysis was performed by using an unweighted average linkage sort (28). The mean similarity and standard deviation were determined for organisms within each cluster analysis phenon and between pairs of phenons. The feature frequencies of the DNA homology groups and cluster analysis phenons were determined. In addition to the characteristics listed below and in Table 4 , cell width, length, and shape, colonial morphology (convex or spreading and corroding), and growth in the presence of antibiotics at selected concentrations also were included in the data base used for the cluster analysis.
Extraction of DNA and determination of the G+C content. Broth cultures (2 to 3 liters) were grown to log phase in appropriately supplemented Todd-Hewitt broth and were harvested by centrifugation. DNA was isolated by a modification (29) of the Marmur method (16).
A recording spectrophotometer equipped with a thermoprogrammer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio) was used to determine both the G+C contents and the DNA-DNA reassociation values.
The DNA solutions were dissolved in a phosphate buffer containing 9.47 g of Na2HP04 per liter and 9.2 g of NaH2P04 per liter. G+C contents were determined by thermal denaturation of purified unsheared DNAs (17). DNA solutions were used at concentrations of approximately 45 pg/ml, and the DNA of Escherichia coli strain B or strain K12 was included in each run as DNA-DNA hybridization. The relatedness between different DNA pairs was measured by comparing the renaturation rates of DNA solutions from pure cultures with the renaturation rates of mixtures (5). Each renaturation experiment was run in duplicate.
We determined the similarities of a representative strain from each phenotypic group to the remaining strains in that group and, where possible, to representatives of other groups. When phenotypic groups contained strains showing low DNA homology, additional strains were selected for further hybridizations. All fresh isolates were tested against one or more reference strains.
RESULTS AND DISCUSSION
Historically, the classification of gram-negative, asaccharolytic organisms that corrode agar surfaces has been ambiguous. Four different organisms have been described as "Bacteroides corrodens" (7, 11, 12, 21) . One aerobic to capnophilic group included lysine decarboxylasepositive, ornithine decarboxylase-positive, oxidase-positive strains with G+C contents of 58 to 60 mol%. This species was renamed Eikenella corrodens (lo), and a urease-positive strict anaerobe with a G+C content of 27 to 28 mol% was considered to be Bacteroides corrodens; Jackson and Goodman (11) later renamed this latter organism Bacteroides ureolyticus.
Jackson and Goodman (11) mentioned two additional agar-corroding organisms that were motile and had DNA G+C contents of 43 to 45 mol%. Apparently motile, gram-negative, asaccharolytic, rod-shaped bacteria with similar physiological characteristics have been isolated rather frequently from a number of ecological sites. V. succinogenes, which was isolated by Wolin et al. (35) from a bovine rumen, is an agar-corroding, motile organism with a G+C content of 46 mol% and a metabolism similar to that of B. ureolyticus (27) . Phenotypically similar strains identified as V. succinogenes and B. ureolyticus were isolated from humans. These microorganisms grew optimally in broth media containing formate and fumarate (27) . An organism that was tentatively identified as V. succinogenes and had a G+C content of 48 mol% was isolated from a gingival sulcus by van Palenstein Helderman and Winkler (32). Campylobacter species share many characteristics with members of the above-mentioned taxa but have lower G+C contents (30 to 35 mol%). For example, Campylo bacter sputorum subsp. sputorum is microaerophilic, has curved and helical cells, and, in common with B. ureolyticus and V. succinogenes, is stimulated in its growth in broth media by formate and fumarate (25, 26). For these reasons, we included reference E . corrodens, B. ureolyticus, V. succinogenes, and Campylobacter strains to compare them with our fresh oral isolates.
The 56 strains used in this taxonomic study of gram-negative, asaccharolytic, rod-shaped bacteria had a number of characteristics in common: (i) gram-negative rods; no branching or endospore formation detected; production of gray, translucent or transparent colonies (except for reference Campylobacter strains); (ii) growth in a microaerophilic atmosphere; reduction of nitrate; production of carbon dioxide; (iii) failure to hydrolyze starch, dextran, esculin, casein, DNA, and gelatin; (iv) failure to produce hydrogen peroxide, lecithinase, lipase, indole, 'ammonia, acetylmethylcarbinol, and gas in glucose broth; (v) failure to produce acid from adonitol, amygdalin, arabinose, cellobiose, dextran, dulcitol, fructose, esculin, galactose, glucose, glycerol, inositol, inulin, lactose, maltose, mannitol, mannose, melezitose, melibiose, raffinose, rhamnose, ribose, salicin, sorbitol, starch, sucrose, trehalose, or xylose; (vi) growth in the presence of 0.00002 g of malachite green per liter, 0.0125 g of brilliant green per liter, or 0.05 g of Evans blue per liter; and (vii) no growth in the presence of 40 g of sodium chloride per liter or 0.5 g of indulin scarlet per liter. A total of 78 characteristics varied, and a cluster analysis of the phenotypic features separated the organisms into seven groups, which are illustrated in a trellis diagram in Fig. 1 and a dendrogram in Fig. 2 . Figures 1 and 2 and Table 3 illustrate the high degree of phenetic similarity among the organisms which we studied. With the exception of E. corrodens, all of the periodontal strains were more than 60% similar to each other on the basis of this analysis. The degree of similarity among the strains within each of the phenons was more than 84%, with the exception of the B. ureolyticus strains (phenon 6). DNA base ratios and DNA-DNA hybridization experiments confirmed and clarified the groups.
The majority of the nonmotile, agar-corroding organisms used in this investigation clustered in phenon 7 with the reference strains of E. corrodens and were considered to be members of this species. Six isolates from humans with alveolar lesions, 17 strains from humans with periodontitis, periodontosis, and gingivitis pockets, and the reference strains of E. corrodens to potassium cyanide, metronidazole, clindamycin, gentamicin, neomycin, and streptomycin but relatively susceptible to nalidixic acid and rifampin. The strains which we examined had G+C contents of 50 to 58 mol%. The mean phenetic similarity of the isolates in this group was 92% ( Table 3) .
The remaining isolates shared the following characteristics: growth was stimulated by formate and fumarate in broth media; formate could be replaced by hydrogen when the strains were grown on agar plates; fumarate was reduced to succinate; benzyl viologen was reduced; the benzidine test was positive; hydrogen sulfide was produced; and L-arginine, L-lysine, and Lornithine were not decarboxylated. However, these isolates did not cluster or exhibit significant DNA homology with any of the reference strains and thus could not be identified as members of B. ureolyticus, V. succinogenes, C. sputorum, or Campylobacter fetus. The lack of identity of the oral isolates with known species necessitated the creation of three new species for the strains in phenons 4, 5, and 6. Phenon 2 strains had G+C contents of 46 and Table 6 ) . The genus Vibrio, which includes spcharolytic, aerobic to facultatively anaerobic species (23), appeared to be inappro- Helical, curved, or straight, unbranched cells 0.5 to 1 by 2 to 6 pm, having rounded or tapered ends. Gram negative. Rapid, darting motility is by means of a single, polar flagellum. Endospores are not produced.
Translucent colonies are produced on blood agar plates. There are the following three colony types: a convex variant with a diameter of 1 mm; an agar-pitting or corroding variant which is up to 5 mm in diameter; and a variant which spreads on agar up to a diameter of 5 mm.
Anaerobic; some strains can grow in the presence of 5% oxygen but not in air enriched with 10% coz.
Carbohydrates are not fermented and do not support growth. Growth is stimulated in broth cultures by formate and fumarate. Hydrogen and formate are used as energy sources, Formate is oxidized to produce hydrogen and carbon dioxide. Fumarate is reduced to succinate. Nitrates, nitrites, neutral red, and benzyl viologen are reduced. The benzidine test is positive; hydrogen sulfide is produced. Oxidase and catalase negative. Lysine, ornithine, and arginine are not decarboxylated. Starch, dextran, esculin, casein, DNA, and gelatin are not hydrolyzed. Hydrogen peroxide, urease, lecithanase, lipase, indole, ammonia, and acetylmethylcarbinol are not produced. Gas is not formed under an agar layer that is over a broth culture.
The G+C content of the DNA is 46 to 49 mol% (thermal denaturation method).
Found in bovine rumens. The type strain is ATCC 29543. The identification of the remaining phenon 2 strain (VPI 9584) is not clear at the present time. This strain was received from L. V. Holdeman (Virginia Polytechnic Institute and State University) as a representative strain of V. succinogenes, but its DNA showed no homology with the DNA of reference V. succinogenes strain ATCC 29543 isolated by Wolin ( Table 7) .
The strains of phenon 5 were distinct from the other motile organisms ( Fig. 1 and 2 ) and consisted of straight, actively motile rods which were approximately 0.5 by 4 pm and had G+C contents of 42 to 46 mol%. We propose an additional species, Wolinella recta sp. nov. to include the straight rod-shaped bacteria which clustered with strain 371, the proposed type strain of this species.
WoZineZZu recta sp. nov. (rec 'ta. L. adj.
rectus straight, direct, in a straight line). Small, unbranched, straight cells 0.5 by 2 to 4 pm, having rounded ends. Gram negative. Rapid, darting motility occurs in young broth cultures by means of a single, polar flagellum. Endospores are not produced.
The inner and outer cell membranes are generally straight (or smooth) and parallel and are about 20 nm apart. There is no distinct peptidoglycan cell wall layer. The outer surface of the outer membrane is covered with a distinctive array of hexagonal, packed, macromolecular subunits, each about 17 nm in diameter (14) .
Anaerobic; some strains can grow in the presence of 5% oxygen but not in air enriched with 10% con.
Carbohydrates are not fermented and do not support growth. In broth cultures, growth is stimulated by formate and fumarate. Hydrogen and formate are used as energy sources. Formate is oxidized to produce hydrogen and carbon dioxide. Fumarate is reduced to succinate. Nitrates, 
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nitrites, neutral red, and benzyl viologen are reduced. The benzidine test is positive, and hydrogen sulfide is produced. Oxidase and catalase negative. Lysine, ornithine, and arginine are not decarboxylated. Starch, dextran, esculin, casein, DNA, and gelatin are not hydrolyzed. Hydrogen peroxide, urease, lecithinase, lipase, indole, ammonia, and acetylmethylcarbinol are not produced. No gas is formed under an agar layer that is over a broth culture.
The G+C content of the DNA is 42 to 46 mol% (thermal denaturation method).
Found in gingival crevices of humans. Pathogenicity is unknown.
The type strain is FDC 371 (= ATCC 33238). W. recta strains differ from W. succinogenes strains in cellular and ultrastructural morphology (14) , in their serological reactions (l), and in their greater susceptibility to dyes and antibiotics. The W. recta strains which we tested were quite susceptible to sodium fluoride, basic fuchsin, clindamycin, colistin, minocycline, penicillin, polymyxin B, and tetracycline (Tables 4 and 5) .
The results of DNA-DNA hybridizations between W. recta strains and helical strains of W. succinogenes are summarized in Table 7 . Translucent colonies are produced on blood agar plates. The following three colony types occur: a convex variant with a diameter of 1 mm; an agar-pitting or corroding variant which is up to 5 mm in diameter; and a variant which spreads on agar up to a diameter of 5 mm.
Anaerobic, but some strains can grow in the presence of 5% oxygen but not in air enriched with 10% CO2.
Carbohydrates are not fermented and do not support growth. Growth is stimulated in broth cultures by formate and fumarate. Hydrogen and formate are used as energy sources. Formate is oxidized to produce hydrogen and carbon dioxide. Fumarate is reduced to succinate. Nitrates, nitrites, neutral red, and benzyl viologen are reduced. The benzidine test is positive, and hydrogen sulfide is produced. Oxidase and catalase negative. Lysine, ornithine, and arginine are not decarboxylated. Starch, dextran, esculin, casein, DNA, and gelatin are not hydrolyzed. Hydrogen peroxide, urease, lecithinase, lipase, indole, ammonia, and acetylmethylcarbinol are not produced. No gas is formed under an agar layer that is over a broth culture.
The G+C content of the DNA is 44 to 46 mol% (thermal denaturation method).
Found in gingival crevices of humans. Pathogenicity in unknown.
The type strain is FDC 1084 (= ATCC 33236).
The B. gracilis isolates were resistant to azure 11, chloramphenicol, and nalidixic acid. B. gracilis strains showed more than 50% homology with each other, and five of the seven strains showed more than 90% homology ( The six microaerophilic strains in phenon 3 formed a fairly homogeneous group. Cells of these strains were usually curved and formed only raised, convex colonies. The G+C contents of these isolates ranged from 34 to 38 mol% and were higher than the values of 30 to 35 mol% reported for the genus CampyZobacter (25) but lower than those found for the genus Wolinella. In all other respects these isolates fit the genus Campylobacter (26). The utilization of formate and fumarate by C. sputorum has been reported previously (26), as has the darting motility of isolates of this species. The sole amendment to the genus description is to extend the G+C contents from 30 to 35 mol% to 30 to 38 mol%. Thus, Campylobacter concisus sp. nov. is the name which we propose for the phenon 3 isolates, and the genus description should be amended as indicated above.
Campylobacter concisus sp. nov. (con cis'us. L. part. adj. concisus brief, concise).
Predominantly small, curved, unbranched cells, occasionally straight or helical, 0.5 to 1 by 4 pm, having rounded ends. Gram negative. Rapid, darting motility in young broth cultures is by means of a single, polar flagellum. Endospores are not produced. Inner and outer cell membranes follow a twisted, undulating course. There is no distinct cell wall peptidoglycan layer. Caplike cytoplasmic condensations occur at the flagellated pole.
Colonies are convex, translucent, 1 mm in diameter, and entire.
Microaerophilic to anaerobic; grows anaerobically and in the presence of 5% oxygen but not in air containing 10% carbon dioxide.
Carbohydrates are not fermented and do not support growth. Growth is stimulated in broth cultures by formate and fumarate. Hydrogen and formate are used as energy sources. Formate is oxidized to produce hydrogen and carbon dioxide. Fumarate is reduced to succinate. Nitrates, nitrites, neutral red, and benzyl viologen are reduced. Hydrogen sulfide is produced. Oxidase is produced but catalase is not. The benzidine test is positive. Lysine, ornithine, and arginine are not decarboxylated. Starch, dextran, esculin, casein, DNA, and gelatin are not hydrolyzed. Hydrogen peroxide, urease, lecithinase, lipase, indole, ammonia, and acetylmethylcarbinol are not produced. Gas is not formed under an agar layer that is over a broth culture.
The G+C content of the DNA is 34 to 38 mol% (thermal denaturation method).
The type strain is FDC 484 (= ATCC 33237). C. concisus can be differentiated from Wolinella species on the basis of its G+C content. C. concisus strains are relatively resistant to sodium fluoride, crystal violet, safranine, azure 11, chloramphenicol, nalidixic acid, and rifampin (Tables 4 and 5 ) . There was no significant DNA homology between the strains of C. concisus and the reference strains of Campylobacter sputorum subsp. sputorum ( Table 9) . Four of the strains of C. concisus demonstrated 100% homology with each other. Strains 521 and 288 were related to the main cluster at a lower level. Values for DNA homologies between strains of C. concisus and strains of W. recta were consistently below 50%.
None of the Campylobacter strains produced agar-pitting colonies. The C. concisus strains formed small, convex, translucent colonies with entire edges. The reference Campylobacter strains produced raised, flat colonies. E. corrodens, B. ureolyticus, B. gracilis, W. succinogenes, and W. recta exhibited a range of colony types similar to the range described for E. corrodens ( 6, 8, 10-13, 27) . One colonial variant corroded or pitted agar, a second had a spread- ing, transparent, matte appearance, and a third consisted of small, transparent, convex colonies. In agreement with Khairat (13), we found that the ability of colonies to corrode and spread was medium dependent. Corroding colonies commonly appeared on media made in our laboratories but the organisms produced surfacespreading colonies when they were transferred to commercially prepared Trypticase soy agar containing 5% sheep blood. Small convex colonies appeared with either of the other types or alone. Each colonial variant could be maintained in pure culture on agar plates, but serial transfer in broth or revival from the freeze-dried state frequently led to reversion to multiple colony types.
At the beginning of this investigation, it was not clear whether the three colonial types were variations in pure cultures or represented mixtures of two or more organisms. DNAs were isolated from variants which produced consistently convex or spreading colonies on Trypticase soy agar containing 5% sheep blood. High DNA-DNA homology values between colonial variants of single strains indicated that these isolates were pure cultures, as suggested by their identical biochemical characteristics (8; see above), although we did find differences in susceptibilities to certain inhibitory agents. In general, the cells from spreading colonies were more susceptible to inhibitors than the cells from nonspreading colonies. Similar cell wall ultrastructures were observed in cells derived from different colonial types of a pure culture. However, slight antigenic differences between the two forms have been found (1). On occasion, truly mixed cultures of gram-negative, assacharolytic, rod-shaped bacteria were encountered. These mixtures were difficult to separate or distinguish because the colonial morphologies of the mixtures were within the ranges observed for pure cultures .
The results of physiological characterizations and DNA base content and DNA-DNA hybridization experiments were consistent with the differences observed in serological properties and ultrastructural characteristics (1, 14).
Sources and incidence of new periodontal isolates. Table 10 shows the widespread distribution of E. corrodens strains, but the apparent increased frequencies of B. gracilis and W. recta in diseased sites will need further investigation.
